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This document r ep resen t s  t h e  f i n a l  r e p o r t ,  wi th  t h e  excep- 
t i o n  of t h e  s h e l f - l i f e  tes t ,  f o r  NASA Contract NAS9-11515. The 
primary purpose of t hese  tests w a s  t o  determine i f  t h e  opera t ing  
l i f e  of t h e  var ious  types of mercury cel l  b a t t e r y  packs t h a t  can 
p resen t ly  be used i n  t h e  Personal  Radiat ion Dosimeter (PRD) and 
t h e  Radiation Survey Meter (RSM) is  long enough t o  power t h e s e  
instruments on t h e  proposed Skylab missions.  
vi 
I. INTRODUCTION AND SUMMARY 
The Convair Aerospace Divis ion has completed tests t o  
determine t h e  mean opera t ing  l i f e  of four  types of b a t t e r y  packs 
f o r  use  i n  two types of Apollo r a d i a t i o n  measuring instruments ,  
t h e  Personal Radiat ion Dosimeter (PRD) and t h e  Radiat ion Survey 
Meter ( R S M ) .  
This b a t t e r y  pack opera t ing  l i f e  tes t  w a s  conducted t o  
determine i f  t h e  b a t t e r y  packs p r e s e n t l y  being used i n  t h e  PRD 
and RSM u n i t s  on t h e  s h o r t  Apollo missions (10 days) would 
opera te  proper ly  f o r  t h e  much longer  (56 days) Skylab missions.  
The r e s u l t s  of t h e s e  tests have proven conclusively t h a t  
t h e  p re sen t ly  used PRD b a t t e r y  pack conta in ing  e i g h t  BA-l006/U 
mercury cells w i l l  no t  opera te  proper ly  f o r  t h e  56-day Skylab 
mission, but  t hese  tests have a l s o  shown t h a t  a b a t t e r y  pack 
containing e i g h t  PX-625 mercury cells  w i l l  opera te  throughout 
t h e  Skylab mission. 
The r e s u l t s  of these  tests have a l s o  shown t h a t  t h e  two 
RSM b a t t e r y  packs t h a t  now con ta in  e i g h t  RM-625R mercury cells  
each w i l l  no t  opera te  t h e  RSM proper ly  f o r  a 56-day Skylab 
mission and n e i t h e r  w i l l  any of t h e  o t h e r  t h r e e  types of mercury 
c e l l s  t e s t e d .  This means t h a t  a new b a t t e r y  pack containing 
more cu r ren t  capac i ty  will have t o  be designed f o r  t h e  RSM f o r  
t he  Skylab missions.  
1 
The PRD i s  worn by each a s t ronau t  t o  measure t ime-integrated 
dose. The instrument weighs one-half pound, and i t s  dimensions 
are 0.8 i n .  by 2.2 i n ,  by 3.3 in .  It has a f i v e - d i g i t  readout 
i n  10 -mi l l i r ad - t i s sue  increments and opera tes  on one 10.8 V 
mercury b a t t e r y  pack. 
and i s  mounted wi th in  t h e  spacecraf t ,  o r  can be hand-carried.  
weighs one and three-quar te r  pounds, i s  2.25 i n .  i n  diameter,  
and 9.0 i n .  long. The RSM opera tes  on two 10.8 V mercury 
b a t t e r y  packs. Both instruments u t i l i z e  t i s sue-equiva len t  
i on iza t ion  chambers with an energy response of - + 10% from 0.5 
MeV e l e c t r o n s  t o  150 MeV protons.  
The RSM monitors t h e  ra te  of r a d i a t i o n  
It 
The PRD and RSM w e r e  designed f o r  use on t h e  Apollo missions 
w i t h  emphasis on r e l i a b i l i t y ,  minimum s i z e  and weight,  Conse- 
quent ly ,  t h e  u s e f u l  b a t t e r y  l i f e  i s  long enough f o r  an Apollo 
mission bu t  no t  long enough f o r  a Skylab Mission. The advent of 
Skylab prompted t h i s  s tudy t o  determine long-term ope ra t iona l  






fou r  types of b a t t e r i e s  t e s t e d  w e r e  as follows: 
Mallory RM-625R - These are used i n  t h e  RSM u n i t s .  
Mallory BA-l006/U - These are used i n  t h e  PRD u n i t s .  
Mallory RM-625 - These cells  have a 1.4 V ou tput ,  
whereas t h e  o t h e r  t h r e e  types have a 1.35 V. 
Mallory PX-625 - These are new, h igher  r e l i a b i l i t y  
b a t t e r i e s .  
2 
Five  d i f f e r e n t  ope ra t iona l  l oad  condi t ions  w e r e  used f o r  t h e  
tests, inc luding  current pu l ses  t o  simulate t h e  opera t ion  of t h e  
PRD readout  counter.  
The r e s u l t s  of t h e s e  tests,  shown.in Table 1-1, are des- 
c r ibed  b r i e f l y  as follows. 
. BA-l006/U's have a MTBF of 73 days a t  100p amps d ra in  
(PRD); 4 1  days a t  2OOpamps d r a i n  (RSM); and 68 days 
up t o  an equivalent  20 mr/hr f i e l d  on t h e  PRD. 
l i f e  tests have n o t  been completed, but  t h e r e  are no 
f a i l u r e s  a t  200 days on 10 b a t t e r y  packs. 
She l f -  
. RM-625's have a MTBF of 63 days a t  1OOpamps and 36 days 
a t  200p amps. 
. RM-625R's have a MTBF of 4 3  days a t  1OOpamps and 28 
days a t  2OOp amps. 
. PX-625's have a MTBF of 110 days a t  loopamps and 57 
days a t  2OOpamps. 
ing l i f e  of t h e  four  types i n  t h e  test. 
These cel ls  have t h e  longest  opera t -  
The r a d i a t i o n  instrument b a t t e r y  requirements f o r  Skylab 
can be obtained from t h e  d a t a  of t h e s e  tests and o the r  r equ i r e -  
ments such as percent  confidence, ope ra t iona l  procedures, and 
mission t i m e .  
3 
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11. TEST CONDITIONS AND PROCEDURES 
Five types of tests were conducted on four  types of  b a t t e r y  
The PRD draws approximately 100 pamps of c u r r e n t  when i n  packs. 
a quiescent  state,  and more c u r r e n t  when it is  opera t ing  i n  a 
r a d i a t i o n  f i e l d .  The RSM draws approximately 2OOpamps a t  50% 
f u l l - s c a l e  reading on t h e  meter. The tests included simulated 
opera t ion  of t h e  PRD readout events  counter,  at two d i f f e r e n t  
rates. 
Bat te ry  packs w e r e  made up us ing  e i g h t  mercury c e l l s  per  
pack. Details of  t h e  f ive  tests performed are summarized i n  
Table 1-1 and descr ibed below. 
Bat tery packs used i n  tests 1, 4 ,  and 5 cons i s t ed  of 
BA-l006/U c e l l s .  
RM-625, RM-625R, and PX-625 cel ls .  T e s t  1 b a t t e r y  vol tages  are 
read weekly. 
Bat te ry  packs i n  tests 2 and 3 used BA=1006/U, 
A l l  o t h e r  tes t  b a t t e r y  vol tages  were read  once 
each day. 
terminal  vo l t age  decreased t o  9.0 V. 
f o r  s a t i s f a c t o r y  PRD and RSM operat ion.  
A b a t t e r y  pack w a s  considered t o  have f a i l e d  when i t s  
This va lue  i s  t h e  minimum 
I n  test  1 ( s h e l f - l i f e  s to rage  tes t )  t e n  b a t t e r y  packs are 
being used with no spares .  
with no cu r ren t  drawn from t h e  b a t t e r i e s .  This test w i l l  be 
continued f o r  t e n  months, o r  u n t i l  a l l  b a t t e r y  packs f a i l .  How- 
ever, t h e  t o t a l  l ength  of t h e  test s h a l l  no t  exceed 10  months. 
This i s  a s h e l f - l i f e  s to rage  test  
5 
I n  test 2 (PRD b a t t e r y  test) each b a t t e r y  pack had a resis- 
t i v e  load which placed a 1OOpamps cu r ren t  d ra in  on t h e  b a t t e r y  
pack. Each b a t t e r y  pack i n  test  3 (RSM b a t t e r y  pack t e s t )  had 
a resistive load s u f f i c i e n t  t o  p l ace  a 2OOpamps cu r ren t  dra in  
on t h e  b a t t e r y  pack. F i f t e e n  b a t t e r y  packs of each b a t t e r y  p a r t  
number w e r e  used i n  both tests, and both tests were continued 
u n t i l  a l l  b a t t e r y  packs f a i l e d .  
I n  test  4 (PRD u n i t  i n  a 20 mr/hr f i e l d )  ten  b a t t e r y  packs 
were used i n i t i a l l y  wi th  t e n  b a t t e r y  packs used as replacements 
f o r  f a i l e d  u n i t s ,  Tests were continued u n t i l  a l l  20 b a t t e r y  
packs f a i l e d .  Ten test c i r c u i t s  were designed and f ab r i ca t ed  
equivalent  t o  t h e  PRD e l e c t r o n i c s  with a 38-ohm r e s i s t i v e  load 
used in s t ead  of t h e  r e g i s t e r  and r e l a y  c o i l s .  These c i r c u i t s  
are shown i n  Figure 2-1. A r e s i s t a n c e  s u f f i c i e n t  t o  load t h e  
b a t t e r y  pack t o  t h e  required test  s t eady- s t a t e  cu r ren t  requi re -  
ments w a s  added acrOss t h e  b a t t e r y  packs. A pulse  t r a i n  w a s  
divided by f l i p - f l o p  c i r c u i t s  so t h a t  t h e  output pu lse  obtained 
was a t  a rate of 2 pulses  per  hour,  which i s  t h e  equivalent  of 
20 mrad/hr. This pu lse  w a s  used t o  d r i v e  t h e  PRD c i r c u i t s  f o r  
test 4. 
of t h e  instrumentat ion f o r  t h i s  test i s  shown i n  Figure 2-2. 
This  c i r c u i t  i s  shown i n  Figure 2-1, and a block diagram 
In  tes t  5 (PRD u n i t  i n  a 2 mr/hr f i e l d )  ten b a t t e r y  packs 
were used i n i t i a l l y  and t en  b a t t e r y  packs used as replacements 
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b a t t e r y  packs f a i l e d .  Ten test c i r c u i t s  i d e n t i c a l  t o  t h e  ones 
i n  test 4 ,  descr ibed above and shown i n  F igure  2-1,  were used. 
They w e r e  t h e  equivalent  of a PRD e l e c t r o n i c s  c i r c u i t  w i t h  a 38- 
ohm r e s i s t i v e  load used t o  r ep lace  t h e  r e l a y  and register c o i l .  
A pulser  w a s  switched manually t o  each of t h e  ten  test  c i r c u i t s  
f o r  tes t  5, and each simulated PRD c i r c u i t  drew 100 pamps of 
cur ren t  from i t s  mercury ce l l  package. It w a s  pulsed manually 
a t  a rate equivalent  t o  a 2 mrad/hr f i e l d  o r  one pulse  each 
f i v e  hours. A block diagram of t h e  test instrumentat ion i s  
shown i n  Figure 2-3, and a photograph of t h e  instrumentat ion i s  
shown i n  Figure 2-4. 
Tests 4 and 5 w e r e  run concurrent ly  using t e n  tes t  c i r c u i t s  
f o r  tes t  4 and t en  test  c i r c u i t s  f o r  test  5 ,  f o r  a t o t a l  of 20 
test  c i r c u i t s .  
t en  more b a t t e r y  packs were i n s t a l l e d  and operated u n t i l  f a i l u r e .  
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111. ANALYTICAL PROCEDURES 
An important s t e p  i n  a s ta t i s t ica l  a n a l y s i s  of a given set 
o f ' o b s e r v a t i o n s  i s  t h e  mathematical formulation of t h e  type of 
d i s t r i b u t i o n  of t h e  population. The d i s t r i b u t i o n  may sometimes 
be der ived from t h e  a v a i l a b l e  knowledge of t h e  physics of t h e  
material, but as a r u l e  a d i s t r i b u t i o n  type must be assumed o r  
chosen from an empir ica l  d i s t r i b u t i o n  based on observat ional  
data .  
The observed d a t a  ( i .e. ,  days t o  f a i l u r e )  f o r  each set of 
N b a t t e r y  packs were p l o t t e d  on var ious  p r o b a b i l i t y  papers 
(normal, lognormal, and exponent ia l ) .  P r o b a b i l i t y  paper i s  
used i n  t h e  same manner as o the r  s p e c i a l  graph papers such as 
logari thmic paper. I f  we  p l o t  t h e  observed values  on t h e  paper,  
we  can then decide whether i t  i s  reasonable t o  descr ibe  t h e i r  
r e l a t i o n s h i p  by a func t ion  of t h e  type represented by a s t r a i g h t  
l i n e  on t h e  paper. 
On t h e  b a s i s  of a l l  t h e  d a t a  p l o t s ,  t h e  lognormal w a s  
s e l e c t e d  as t h e  underlying f a i l u r e  d i s t r i b u t i o n  which "best" 
descr ibes  t h e  b a t t e r y  pack d a t a ,  The exponent ia l  assumption w a s  
used f o r  prel iminary repor t ing  of t h e  r e s u l t s  p r i o r  t o  an analy- 
sis  of t h e  combined da ta ,  t he re fo re ,  t h e r e  w i l l  be s l i g h t  devia- 
t i o n s  i n  t h i s  r e p o r t  from those repor ted  i n  prel iminary progress 
r epor t s .  
12 
The t ransformation of t h e  observed b a t t e r y  pack d a t a ,  Xi, 
t o  log  Xi r esu l t s  i n  new da ta ,  Zi,  which can be reasonably 
cha rac t e r i zed  by t h e  Normal Di s t r ibu t ion .  Thus, t h e  r e s u l t s  of 
Normal D i s t r i b u t i o n  theory are used t o  analyze t h e  transformed 
da ta .  
The average o r  MTBF (mean-time-between-failure) is  t h e  
geometric average and is  est imated by: 
N 
The s tandard d e v i a t i o n , a ,  is  est imated by 
(Zi - Z) 
N - 1  
N 
( A -  estimate) 
The d a t a  t a b l e s  4-1 through 4-4 (see next s e c t i o n )  conta in  
A A A t h e  f a i l u r e  times, i .e . ,  Xi da t a ,  t h e  MTBF, 5,  log), and (T 
i n  percent .  
One s ided  to l e rance  i n t e r v a l s  are used t o  estimate t h e  
r e l i a b i l i t y  of a b a t t e r y  pack with a lOO(1-a)% confidence level. 
The r e s u l t s  are presented as: 
R ( D )  2 P  , 
i .e.,  w e  are lOO(l.+t)% confident  t h a t  a t  least P% of t h e  b a t t e r y  
packs considered w i l l  surv ive  D days. The one-sided to l e rance  
13 
i n t e r v a l s  presented i n  t h e  form of r e l i a b i l i t y  are obtained 
from t h e  following: 
D = Anti log(Z - kab) (1) 
* where k is  t h e  to l e rance  f a c t o r  dependent on a, N ,  and P; 
CY i s  t h e  confidence c o e f f i c i e n t .  
For an example, consider  t h e  data f o r  BA-l0006/U with a 
100 P A  load ( T e s t  2 ): 
- 
Z = 1.8675 
A 
MTBF = Antilog(1.8675) = 73.7 days 
;(log) = 0.0558 $(%) = 13.7 
For CL = 0.05, N = 15, P = 0.99, k = 3 . 5 2 .  From .(l), 
D = Anti log [ 1.8675 - 3.52(0.0558)] = 46.9 days. 
Thus 
R(46.9 days) 2 0.99 
i .e. ,  w e  can be 95% confident  t h a t  a t  least  99% of t h e  BA-l006/U 
b a t t e r y  packs opera t ing  a t  lOOyA w i l l  surv ive  46.9 days. Pu t t ing  
t h i s  statement i n t o  r e l i a b i l i t y  language, we  can be 95% conf i -  
dent  t h a t  t h e  r e l i a b i l i t y  over (0-46.9) is  2 0.99. R e l i a b i l i t y ,  
R(D) ,  va lues  have been c a l c u l a t e d  f o r  P = 99% and 99.9% and 
a = 0.05 f o r  each b a t t e r y  pack and test sequence ( she l f  l i f e  
excepted). 
I t  *Bowker, A. H. ,  Lieberman, G. J., Table of Tolerance Fac tors  
f o r  Normal Di s t r ibu t ion , "  Engineering S ta t i s t ics ,  Prent ice-Hal l  
Inc . ,  1959. 
14 
IV. TEST RESULTS 
A l l  c a l c u l a t i o n a l  r e s u l t s  presented i n  t h e  t a b l e s  i n  t h i s  
s e c t i o n  were c a r r i e d  out  as i nd ica t ed  i n  Sec t ion  111. 
4.1  T e s t  No. 1 - Shelf-Life  Tests 
There have been no f a i lu re ;  i n  over 200 days on t e n  
BA-l006/U b a t t e r y  packs. F a i l u r e  r e s u l t s  i n  t e n  months of s h e l f -  
l i f e  tests w’i11 be repor ted  later. The r e s u l t s  t o  d a t e  i n d i c a t e  
t h a t  t h e  b a t t e r i e s  w i l l  have t o  be s t o r e d  i n  vacuum-tight bags 
with a t h i n  l a y e r  of non-conductive vacuum grease  on them t o  
prevent cor ros ion .  
4.2 T e s t  No. 2 - 100 Microamperes, PRD Tests 
The r e s u l t s  of 15 b a t t e r y  packs each of BA-l006/U, RM-625R, 
RM-625, and PX-625 are t abu la t ed  i n  Table 4-1. 
t h e  p re sen t ly  used BA-l006/U is 73.7 days while  t h e  new PX-625 
The MTBF f o r  
shows a considerably longer l i f e  a t  110.2 days. 
4.3 Test No. 3 - RSM Operating a t  200 Microamperes 
T h i s  tes t  p laces  t h e  same load on each b a t t e r y  pack as t h e  
RSM u n i t  does when t h e  RSM meter i n d i c a t e s  50% of f u l l  scale. 
F i f t e e n  b a t t e r y  packs of four  d i f f e r e n t  types of mercury cells  
were used f o r  .a t o t a l  of 60 b a t t e r y  packs. 
15 packs each of PX-625, BA-l006/U, RM-625 and RM-625R are 
The test  r e s u l t s  of 
tabula ted  i n  Table 4-2. The PX-625 has t h e  b e s t  MTBF of 56.8 
15 
Table 4-1 
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days as compared t o  27.9 days f o r  t h e  RM-625R p r e s e n t l y  used i n  
t h e  RSM. 
4.4 T e s t  No. 4 - 1OOpamps + 20 mr/hr, 
T e s t  No. 5 - 100 pamps + 2 mr/hr 
T e s t  Nos. 4 and 5 were performed t o  s imula te  a PRD operat-  
ing i n  a 2 mr /hr  and a 20 mr/hr r a d i a t i o n  f i e l d .  Twenty b a t t e r y  
packs each were used i n  tests 4 and 5. E l e c t r o n i c  c i r c u i t s  
(see Fig.  2-1) were b u i l t  t o  l i f e - t e s t  t h e s e  b a t t e r y  packs, and 
they drew exac t ly  t h e  same c u r r e n t  as an actual PRD u n i t  would 
i n  a 2 and 20 mr/hr f i e l d .  The BA-l006/U mercury c e l l s  were 
used i n  t h e  b a t t e r y  packs f o r  t h e s e  tests s i n c e  they were t h e  
mercury c e l l s  used i n  t h e  PRDs f o r  a l l  Apollo missions.  
The tes t  r e s u l t s  from t h e  20 b a t t e r y  packs operated a t  
1OOpamps + 2 mr /h r  and t h e  20 b a t t e r y  packs operated a t  
100 pamps + 20 mr/hr gave almost i d e n t i c a l  r e s u l t s  as is  shown 
i n  Tables 4-3 and 4-4. The MTBF f o r  both i r r a d i a t i o n  rates i s  
approximately 67 days. 
4.5 R e l i a b i l i t y  
Using t h e  procedures descr ibed i n  Sec t ion  111, t h e  b a t t e r y  
f a i l u r e  da t a  may be analyzed f o r  any des i r ed  combination of 
% confidence, .% b a t t e r y  packs surv iv ing ,  and minimum number of 
days surviving.  
b ina t ion  of prime i n t e r e s t  t o  NASA, but  r e s u l t s  of t h e  a n a l y s i s  
We cannot presume t o  know t h e  p a r t i c u l a r  com- 
of each b a t t e r y  pack type f o r  a l l  t h e  s p e c i f i e d  stresses (i.e.,  
TABLE 4 - 3  
Test 4 BA-l006/U @ 100 pA+2O mr/hr 
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Test 5 BA-l006/U @ 1 O O p  A+2mr/hr 
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1 . 8272 
0 . 0318 
7.6 
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battery loads) are presented in Table 4-5 for a 95% confidence 
interval with 99% and 99.9% of the battery packs surviving. 
For example, we can be 95% confident that at least 99% of all 




Bat tery Pack 
95% Confidence I n t e r v a l  f o r  a t  Leas t  P% 













RM-625 100 pamps 
200 pamps 
RM-625R 100 parnps 
200 pamps 
100 pamps + 
20 mr/hr 















46.9 I 40.8 
30.0 27.2 
35.2 I 29.4 
26.1 23.6 
10.8 I 7.0 
8.3 5.7 
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V. CONCLUSIONS AND RECOMMENDATIONS 
The r e s u l t s  of t h e  b a t t e r y  l i f e  test 2 show t h a t  t h e  PX- 
625 b a t t e r y  packs are t h e  lead ing  candidates  f o r  vse i n  t h e  
PRDs i n  t h e i r  p re sen t  conf igura t ion  f o r  t h e  Skylab missions.  
The MTBF using such a pack under t h e  PRD load ( i . e ,  , 100 pamps) 
i s  110.2 days. A s  can be seen from Table 4-5, w e  can be 95% 
confident  t h a t  a t  least 99% of a l l  PX-625 b a t t e r y  packs under 
a 1OOpamp load w i l l  last  a t  least 67.3 days. 
t h e  d a t a  (Table 4-1) and t h e  a n a l y t i c a l  method (Sec. 111) by 
We have presented 
which NASA may c a l c u l a t e  any o t h e r  des i r ed  combination of % 
confidence,  % b a t t e r y  packs surv iv ing ,  and minimum number of 
days surv iv ing  and thereby decide whether o r  no t  t h i s  b a t t e r y  
pack/PRD system i s  r e l i a b l e  enough t o  use "as is" on Skylab 
missions.  It i s  our  f e e l i n g  t h a t  t h i s  system i s  r e l i a b l e  enough. 
The r e s u l t s  of b a t t e r y  l i f e  tes t  3 i n  which a l l  four  types 
of b a t t e r y  packs drew 200 pamps of cu r ren t  t o  s imula te  t h e  
cu r ren t  drawn by t h e  RSM are conclusive.  
pack had t h e  longes t  MTBF (56.8 days) of t h e  types t e s t e d .  
Since t h e  RSMs would have t o  ready some t i m e  (poss ib ly  days) 
before  launch, t h e  MTBF would have t o  be considerably longer  
than 56.8 days. The r e s u l t s  t hus  i n d i c a t e  t h a t  none of t h e  
four  types of b a t t e r i e s  t e s t e d  would las t  long enough t o  opera te  
The PX-625 b a t t e r y  
t h e  RSM f o r  t h e  Skylab mission. L i s t e d  below are several 
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methods t h a t  could be used t o  o b t a i n  t h e  necessary ope ra t ing  
l i f e  f o r  t h e  RSM. 
1. Change b a t t e r y  packs a f t e r  approximately 30 days 
using t h e  PX-625 mercury cells  and t h e  p re sen t  
b a t t e r y  pack. 
2. Modify t h e  e x i s t i n g  b a t t e r y  pack t o  conta in  t w i c e  
as many PX-625 mercury cells  thereby doubling t h e  
b a t t e r y  opera t ing  l i f e .  
3 .  I n s t a l l  reed  switches i n  t h e  Hi-2 module i n  t h e  
RSM so  t h e  u n i t  can be turned o f f  when not  i n  use. 
4. I n s t a l l  a mechanical switch on t h e  end of t h e  
handle so t h e  RSM can be  turned o f f  when not  i n  
use. 
5. Carry two RSMs, opera t ing  one f o r  t h e  f i r s t  h a l f  
of t h e  mission and t h e  o t h e r  f o r  t h e  las t  h a l f  
of t h e  mission. 
6. Modify t h e  p re sen t  b a t t e r y  pack so  t h a t  a PX 
mercury c e l l  with a s l i g h t l y  l a r g e r  cu r ren t  capa- 
c i t y  could be used t o  ob ta in  t h e  des i r ed  opera t -  
ing l i f e  before  f a i l u r e .  
7. Use a d i f f e r e n t  type of  c e l l ,  such as a s i lver  ce l l ,  
t o  obta in  l a r g e r  c u r r e n t  capac i ty  and modify t h e  
present  b a t t e r y  pack t o  conta in  t h i s  new ba t t e ry .  
8. Use rechargeable  b a t t e r i e s  and recharge from t h e  
s h i p  ' s power. 
The method used i n  order  t o  obta in  t h e  longest  opera t ing  
l i f e  f o r  t h e  RSM w i l l  depend on f a c t o r s  such as t i m e ,  phys ica l  
l i m i t s ,  and budget. The b e s t ,  long-range modif icat ion of t h e  
RSM would be t o  inc rease  t h e  b a t t e r y  l i f e  of t h e  u n i t  t o  t h e  
maximum ex ten t  poss ib l e  so it could be used on la ter  missions 
of longer dura t ion  as w e l l  as on t h e  Skylab missions. The 
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b a t t e r y  l i f e  of t h e  SM could be extended t o  approximately 100 
days by i n s t a l l i n g  mercury cells or  s i lver  cells  with 500 ma-h 
cu r ren t  capac i ty ,  The power on-off switch could be i n s t a l l e d ,  
and t h i s  would inc rease  t h e  b a t t e r y  l i f e  by a f a c t o r  of t e n  i f  
t h e  u n i t  w e r e  turned on 10% of t h e  t i m e .  
An i n t e r e s t i n g  r e s u l t  of t h e  PRD b a t t e r y  t es t  i s  t h e  
similar MTBF rates of t h e  BA-l006/U b a t t e r y  packs when operated 
i n  r a d i a t i o n  f i e l d s  of 0, 2 and 20 mr/hr. 
06/U 100 p amps 20 mr/hr 
BA-l006/U 100 p amps 2 mr/hr 






These d a t a  show t h e r e  i s  a very s m a l l  d i f f e rence  of b a t t e r y  
lifetime when t h e  PRDs are operated i n  a r a d i a t i o n  f i e l d  of 0 ,  
2 ,  and 20 mr/hr. 
Figure 5-1 i s  a p l o t  of a t y p i c a l  PX-625 b a t t e r y  pack 
operated a t  100 and 200pamps d r a i n  cu r ren t .  These da t a  are in-  
cluded t o  show t h e  v a r i a t i o n  i n  vo l t age  during t h e  f i rs t  15 
days of b a t t e r y  pack opera t ion ,  This e a r l y  v a r i a t i o n  i n  vol tage  
does a f f e c t  t h e  ga in  of t h e  PRB during a c t u a l  operat ion.  The 
PRD reads approximately 5% l o w  u n t i l  t h e  b a t t e r y  vo l t age  
approaches s t a b i l i z a t i o n  after t h r e e  days o f  operat ion.  This 
s t a b i l i z a t i o n  t i m e  can be stepped up t o  one day by p lac ing  t h e  
BRD i n  a P rad /hr  f i e l d  f o r  one day. 
25 
26 
rn 
h 
m 
R 
TJ 
a, 
rn 
a 
m 
rl 
Fil 
rn 
3 
Q) 
bn 
m 
U 
I-l 
0 
3 
24 u 
m 
pc 
h 
k 
a, 
U 
U 
m 
F4 
r! 
I 
